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The role ofLangerhans cell granules (LCG) in adsorp-
tive endocytosis was studied by using concanavalin A 
(Con A) and heterologous anti-epidermal cell serum 
(AES) as ligands. Isolated epidermal cells were obtained 
by trypsinization of guinea pig skin fragments and ex-
posed to ferritin-conjugated Con A or AES followed by 
ferritin-conjugated second antibody at 37°C for various 
times up to 30 min. Langer hans cells among the treated 
epidermal cells were observed by electron microscopy. 
Shortly after the incubation, a few LCG in the cell 
periphery were filled with ferritin particles in the bulb 
portion. After prolonged incubation, ferritin-containing 
LCG increased in number and seemed to move to the 
juxtanuclear area. The granules were derived from 
plasma membrane invaginations that collected ferritin 
particles in a saclike· extension at the end. Some of these 
invaginations were apparently of coated pit origin. The 
contents in the bulb of LCG seemed to be delivered 
finally to intracellular degradation compartments. Our 
findings clearly demonstrate that LCG are an adsorptive 
endocytic organelle. 
The Langerhans cell (LC) is an epidermal dendritic cell of 
bone marrow origin [1,2] and functions as an antigen-present-
ing cell in the skin [3- 6]. A variety of antigens and receptors 
such as Ia and T6 antigens, and Fc-lgG and complement 
receptors are expressed on this cell type [7]. Ultrastructural 
identification is made by demonstration of unique, cytoplasmic 
granules (Langerhans cell granules; LCG) (8] . The typical 
gra nule consists of the rod portion with a central lamella inside 
and the bulb p ortion at one end, thus giving a "tennis racket" 
image. Two conflicting hypotheses concerning the origin and 
function of LCG have been put forward. The enriched distri-
bution of LCG near the Golgi apparatus suggests a Golgi origin 
with a secretory function (9,10] . On the other hand, the pres-
ence of connection of LCG with the extracellular space indi-
cates a derivation of LCG from the plasma membrane as an 
endocytic organelle (11- 13]. To date, however, no definite 
conclusion has bee n drawn. 
The present study examined adsorptive endocytosis of LC 
with the use of concanavalin A (Con A) and heterologous anti-
epidermal cell serum (AES) as ligands. AES is demonstrated 
to react with antigens on LC as well as on keratinocytes 
(14,15]. Following incubation of isolated epidermal cells with 
ferritin-conjugated Con A (F-Con A) or AES followed by fer-
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Abbreviations: 
AES: anti-epidermal cell serum 
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F-anti-IgG: ferritin -conjugated anti-IgG 
F -Con A: ferritin-conjugated Con A 
LC: Langerhans cell(s) 
LCG: Langerhans cell granule(s) 
PBS: Dulbecco's phosphate-buffered saline 
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ritin-conjugated second antibody at 37°C, LC displayed the 
particles in the bu lb portion of LCG. Our findings clearly 
demonstrated that LCG were an adsorptive endocytic organelle . 
MATERIALS AND METHODS 
Isolation of Epidermal Cells 
Thin skin fragments of albino guinea pig (Hartley strain) were 
removed with an electric dermatome and were incubated in 0.3% 
trypsin (1:250, Difco Lab., Detroit, Michigan) in Dulbecco's phosphate -
buffered saline (PBS) at 37•c for 1 h. The epidermis was separated 
from the dermis to yield dispersed epidermal cells [16]. The cells were 
washed with PBS-10% fetal calf serum and viability by dye exclusion 
method was always more than 95%. 
Conjugates 
Horse spleen ferritin (Nutritional Biochemicals Co., Cleveland 
Ohio) was further purified by cadmium sulfate recrystallization and 
ultracentrifugation . Glutaraldehyde-activated ferritin was conjugated 
to Con A (Pharmacia Fine Chemicals, Piscataway, New Jersey) and an 
lgG fraction of sheep antirabbit lgG serum (anti-lgG) according to the 
method of Kishida et al [17] with modifications [15,16]. The reactants 
were purified by centrifugation on a discontinuous sucrose gradient for 
3 hat 105,000 g [18]. In some experiments F-Con A was further purified 
on an affinity column of Sephadex G-75. The concentration of the 
conjugates was determined by agglutination of sheep red cells (F-Con 
A) and rabbit lgG-tagged sheep red cells (ferritin-conjugated anti-IgG · 
F-anti-IgG). ' 
Anti-epidermal Cell Serum 
Rabbits were immunized with dispersed viable guinea pig epiderm&! 
cells and the obtained sera were mixed and absorbed with red cells 
(sheep and guinea pig), lymphoid cells, and liver powder (guinea pig) 
as previously reported [14]. Immunofluorescence and immunoferritin 
electron microscopic studies and complement-mediated cytotoxicity 
showed that the absorbed sera reacted specifically with epidermal cells 
and were designated as AES [14,15]. 
Labeling Conditions 
From 3 to 5 X 106 epidermal cells were incubated with 0.5 ml F-Cot1 
A in PBS containing 0.25 mM of Ca++, Mg++, and Mn++ at a fin&! 
concentration of either 15, 50, or 150 llg/ml at 37"C. Alternatively, the 
cells were reacted with 0.5 ml AES diluted to 1:10 at 4 oc for 15 min 
washed with cold PBS, and labeled with F-anti-lgG at a concentratio~ 
of 150 !lg IgG/ml at 37°C. After various incubation periods, the reaction 
was terminated by addition of paraformaldehyde in PBS to a fin&J 
concentration of 2% at 4•c for 10 min and the cells were washed with 
Tris-HCI (pH 7.4, 0.01 M) buffered saline 3 times by centrifugation. 
Electron Microscopy 
Cell pellets were fixed with phosphate-buffered 2.5% glutaraldehyde 
(pH 7.4), postfixed with 1% osmium tetroxide, dehydrated in ethanol 
and embedded in Epon 812 or Spurr regin. Thin sections were lightly 
stained with either uranyl acetate, lead citrate or both, and examined 
in a JEOL 200CX electron microscope. 
RESULTS 
Fig 1 shows an electron micrograph of an LC among trypsin-
ized epidermal cells that were exposed to 50 J.Lg/ml ofF -Con A. 
for 5 min at 37°C. In contrast to the in situ profile, LC il:l 
suspension possessed a rather round cell body with a fe...., 
cytoplasmic processes. LC maintained a morphologically intact 
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appearance during incubation with F-Con A and AES/ F-ant i-
IgG fo r 30 min. E xposure to F-Con A fo r 60 min, however, 
resul ted in cytolytic changes in LC despite t he normal appear-
ance of concomitant ly p resent keratinocytes. 
Ferritin part icles were observed in the bulb portion of LCG 
over a 30-min t ime span after incubation of epidermal cells 
wit h F-Con A or AES/F-ant i-IgG at 37°C. LCG fill ed with 
ferrit in located init ia lly beneath plasma membranes and at t he 
juxtanuclear a rea after prolonged exposure (Fig 2). In the 
epidermal cells incubated wi th F -Con A, t he filling of LCG with 
fe rri t in pa rticles was t ime depende nt . T he percent of granules 
with ferri t in increased as t he cells incubated for longer periods 
(T able I). No pa rt icles were fo und on the LC surface or in LCG 
during 30 min of incubation with n ative fe rrit in (100 J.Lg/ m l) in 
the presence or absence of unconjugated Con A (15 J.Lg/ ml) or 
with normal rabbit se rum fo llowed by F-ant i-IgG. These find-
ings suggested that membrane-bound fe rri t in conjugates were 
selectively incorporated in LCG. 
FIG 1. LC exposed to 50 llg/ml ofF-Con A for 5 min at 3TC. A rrow 
indicates LCG with a typical tennis racket profile. Uranyl acetate stain, 
Bar = 1 Jl m. 
FIG 2. LCG filled wi th fe rri tin parti-
cles in an LC incubated wi th 50 llg/ml 
of F-Con A for 15 min at 37oC (a) and 
AES followed by F-anti-lgG for 30 miJ'l 
at 37°C (b). a, Uranyl acetate and lead 
citrate stain ; b, uranyl acetate stain. N 
= nucleus. Bars= 0.1 Jlm. 
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T he formation and fate of LCG were investigated in LC 
incubated with F-Con A. After 5 min of incubation, coated pits 
t hat were often fo rmed at t he base of villous, cytoplasmic, 
projections were enriched in ferritin part icles (Fig 3a). By 15 
min , deep invaginations of t he plasma membrane formed com-
plicated tubular connections (Fig 3b ). T he tubular structures 
were fi lled wit h a flocculent material (Fig 3c) and with an 
apparent cent ral lamella, t he same as observed in the rod of an 
LCG (Fig 3d) . Organelles suggestive of immature LCG had a 
rod port ion with an incompletely formed cent ral lamella and a 
ferrit in -containing extension that possessed a fuzzy material 
on the cytoplasmic surface (Fig 3e). After 15 and 30 min of 
exposures to F-Con A, fe rritin particles were recognized in 
various fo rms of vacuoles. Some of these structures showed a 
homogeneous, electron-dense matrix (Fig 4a) while others con-
tained variable numbers of small vesicles and myelin figu res 
(Fig 4b) . These features suggested t hat t he vacuoles were of 
lysosomal and/or prelysosomal origin. T he rod portion of LCG 
occasiona lly attached to t he latter type of the vacuoles (Fig 4c, 
d) . E ndocytosis was lectin -mediated since F -Con A uptake was 
inhibited in the presence of a-methyl-D-mannoside (0.2 M) 
whereas the same concentration of N -acetyl-D-glucosamine was 
of no effect. Although binding of F -Con A on the surface 
occured at both 4 and 37°C, the bound ligands were internalized 
only at 3TC. 
DISCUSSION 
The present study demonstrated that LCG were fi lled with 
fe rri t in part icles after exposure of LC to F -Con A or AES/ F-
ant i-lgG. Wit h prolonged incubation t ime such LCG increased 
in number and seemed to move from the cell periphery to the 
perinuclear area. The t ime course of ligand uptake revealed 
that LCG originated from plasma membrane in vagi nations that 
collected membrane-bound ligands in t he extension formed at 
their end . Afte r t he cent ral lamella appeared, t he invaginations 
pinched off to give rise to LCG. It was not clear that all of 
these invaginations were derived from coated pits since only a 
few ended with a clathrin -coated, saclike extension. It is pos-
sible t hat coated pits are shedding the coat during invagination 
T ABLE I. Percentage of ferritin-containing Langerhans cell gra.nules 
Concentration ofF -Con A 
(~tg/m l ) 
15 
50 
150 
Duration of incubation 
(min) 
5 
ND 
2 
1 
15 
11 
8 
5 
30 
57 
45 
41 
Epidermal cells were incubated with F-Con A at 37oC for the times 
indicated. At each evaluation, between 25-36 typical LCG with the rod 
and bulb were scored from a minimum of 15 diffe rent LC profil es. All 
values are expressed as percent. ND, not done. 
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FIG 4. Vacuoles containing ferritin particles in LC exposed to 15 
!Lg/ml ofF -Con A (a,b) and AES followed by F -anti-IgG (d) for 30 min 
at 37' C. c, An examination of serial sections of a vacuole (b) reveals 
that a rod portion of an LCG attaches to the vacuole . d, The bulb 
portion of a LCG fuses with a vacuole containing ferritin particles. a 
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FIG 3. Derivation of ferritin-contain-
ing LCG from the plasma membrane . 
Epidermal cells were incubated with F-
Con A for 5 (a) and 15 (b-e) min at 37' C . 
Concentrations of F -Con A were 15 !Lg/ 
ml (c,e ) and 50 !Lg/ml (a,b,d). a, A coated 
pit filled with ferritin particles. Lead cit-
rate stain. b, Complicated connections of 
plasma membrane invaginations. A sac-
like extension has a fuzzy coat on the 
cytoplasmic surface (arrows ). Uranyl 
acetate and lead citrate stain. c, A tubu-
lar structure fi lled with a flocculent ma-
terial. No cytoplasmic coat is obvious on 
the surface of a ferritin-containing ex-
tension. Uranyl acetate stain. d, A cen-
tral lamella formed in a tubular portion 
of an invagination. Arrow indicates fer-
ritin particles. Uranyl acetate and lead 
citrate stain. e, A tennis racket profile 
showing a central lamella and a fuzzy 
material (arrows) on the cytoplasmic 
surface of a sac. Uranyl acetate stain. 
Bars = 0.1JLm. 
and LCG formation. Parallel control experiments in which 
epidermal cells were exposed to F -Con A in the presence of au 
inhibitor sugar and to normal rabbit serum instead of AES 
followed by F-anti-IgG showed no labeling or endocytosis of 
the particles in LC. These findings, therefore, indicate that 
LCG are an adsorptive endocytic organelle. Polyclonality of the 
binding specificity of Con A and AES suggests that the for-
mation of LCG in response to ligand binding to LC surface 
receptors is a common pathway in which LC intracellularly 
handle adsorbed materials. The close relationship between LCG 
and coated pits is also demonstrated in recent ultrastructural 
studies of LC and histiocytosis X cells that are considered to 
belong to the LC lineage [7,19]. 
Previous studies in which materials such as horseradish 
peroxidase, thorotrast, and native ferritin are employed as 
tracers fail to identify these substances in LCG after intrader-
mal injection although uptake by pinocytic vesicles and 
phagosomes is readily recorded [20-24]. This may be ascribed 
to the fact that these substances do not enter LC through 
binding to their corresponding specific receptors and, thus, the 
experiments dea l mainly with fluid phase endocytosis. These 
results, in turn, strengthen our notion that LCG are exclusively 
involved in adsorptive endocytosis. 
Electron microscopic and cell fractionation studies of adsorp -
tive endocytosis identify prelysosomal compartments referred 
to variously as pinosomes, endosomes, intermediate vacuole::;; 
or receptosomes [25- 27] . Major physiologic functions of th~ 
compartments appear to be delivery of endocytic contents to 
lysosomes and, in the majority of systems studied, dissociation 
of ligand receptor complex [28] . In the present study it was 
found that LCG finally fused with the vacuoles that contained 
and d, Uranyl acetate stain. b and c, Uranyl acetate and lead citrate 
stain. Bars= 0.1JLm. 
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FIG 5. Working model of endocytosis of membrane-bound ligands 
in LC. Ligands (e) bind to receptors ( t:J) ove r t he coated pits, that 
t ransform into LCG. LCG deliver t he contents to degradation elements 
by fusion with lysosomal and/or prelysosomal vacuoles. 
fe rri t in particles. Based on t he morphologic features, we inte r-
preted these vacuoles as lysoso mal and/or prelysosomal ele-
ments. It is, t herefore, apparent that LCG transport ligand-
receptor complex to in tracellular degradation compartments. 
Our resul ts could not dete rrtline whether LCG delivered ligand-
receptor complex or ligand a lone after dissociation to t he vac-
uoles a lthough both cases were likely to occur. 
Fig 5 illustra tes a working model to summarize our current 
understanding of the formation and in t racellular role of LCG. 
In addition to coated pits and LCG, other ferritin-containing 
structures were coated vesicles with a diameter of between 100 
and 200 nm, and uncoated pits and vesicles (M. T akigawa and 
K. Iwatsuki , manuscript in preparation). In many ce ll types 
these organelles participate in the intracellula r t ransport of 
endocytosed materials [28,29). This indicates that LC possess 
pathways other than the LCG system to process membrane-
bound ligands. 
LC are endowed wi th th e antigen-presenting capacity in 
which a molecule is endocytosed, processed intracellularly, 
recycled to the cell surface, a nd associates with Ia determinants 
[30] . One of the important steps is assumed to be the ending 
up of the molecule in an acidic compartment in which acquisi -
tion of immunogenicity occurs (3 1] . Therefore, it is tempting 
to speculate that LCG are critically engaged in the int racellular 
antigen-processing as recognized in the associat ion of LCG 
with the lysosomal and/o r prelysosomal vacuole. 
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